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  The preparation and self-assembly of high quality FePt nanoparticles have 
attracted great attentions due to their promising applications in high density magnetic 
recording. In order to further broaden the applications of nanoparticles, various 
nanoparticle composites have been fabricated so far, for examples, the composites of 
FePt nanoparticles with Fe3Pt nanoparticles (FePt-Fe3Pt) and FePt nanoparticles with 
CdSe nanoparticles (FePt-CdSe). Herein, the work of this thesis focuses on the 
synthesis and characterization of FePt nanoparticles and FePt-ZnO nanoparticle 
composites. 
 
  5 nm monodisperse FePt nanoparticles with different compositions were 
successfully synthesized by the simultaneous decomposition of Fe(CO)5 and polyol 
reduction of Pt(acac)2 in the presence of oleic acid and oleyl amine. These 
nanoparticles could readily self-assemble into two-dimensional or three-dimensional 
regular arrays on certain solid substrates. The as-synthesized FePt nanoparticles had 
chemically-disordered face-centered-cubic (FCC) structure. After annealing for half 
an hour at a temperature higher than 500 oC under vacuum, the FePt nanoparticles 
changed to chemically-ordered face-centered-tetragonal (FCT) structure. It was found 
that some Fe atoms could be segregated from the FePt nanoparticles and form 
body-centered-cubic (BCC) Fe phase during the annealing process. The hysteresis 
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loops of the annealed nanoparticle films showed a two-phase-like shape with a kink at 
a low magnetic field. The volume percentage of the BCC Fe phase was calculated 
based on the hystersis loops, which was consistent with the X-ray diffraction (XRD) 
results. 
 
  Furthermore, FePt-ZnO nanoparticle composites were successfully 
synthesized by growing ZnO nanoparticles in the presence of as-prepared FePt 
nanoparticles. Their structural and magnetic properties were also studied. 
Transmission electron microscopy (TEM) results showed that the FePt nanoparticles 
could be encapsulated into the ZnO nanoparticles. When the initial molar ratio of the 
FePt to Zn(Ac)2 was 1:1, the ZnO nanoparticles had a size of 10 nm. While the ZnO 
had a size of 15 nm when the initial molar ratio of the FePt to Zn(Ac)2 was 1:4. Both 
types of nanoparticle composites showed similar optical properties with that of the 
pure ZnO nanoparticles. After annealing, all nanoparticle composites became 
magnetically hard with a coercivity depending on the volume fraction of ZnO 
nanoparticles. This kind of composite material with the combination of magnetic and 
semiconducting properties is multifunctional and has the potential to be used for a 
new generation of magnetic and/or optical devices. 
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Chapter 1  Introduction 
 
1.1 General Background of Patterned Magnetic Recording Media 
 
Magnetic materials encompass a wide variety of materials, which have a 
diversity of applications. They have played key roles in data storage devices, 
televisions, computers and so on. They are becoming indispensable in the 
development of modern society and it is difficult to imagine a world without magnetic 
materials. Improved magnetic materials and designs are vital to efficient generation 
and utilization of electricity. Environmental friendly electric vehicles rely on efficient 
motors utilizing advanced magnetic materials. The telecommunication industry is 
constantly striving for faster data transmission and miniaturization of devices, both of 
which require the development of improved magnetic materials. One of the most 
important applications of magnetic materials is in the field of data storage.  
 
Since IBM built the first magnetic hard disk drive featuring a total storage 
capacity of 5 MB at a recording density of 2 kbits/in2 in 1956, industrial firms and 
research scientists have made great attempts to increase the areal density, that is, the 
number of bits/unit area on a disk surface. The areal density of hard disks has been 
increasing dramatically over the past decade. Particularly after 1998, with the 
introduction of giant magnetoresistive (GMR) spin-valve head, the areal density of 
hard disk drive doubled annually. However, it is widely believed that the continual 
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increases of areal density will be limited by thermally induced instability, also known 
as superparamagnetism.  
 The first study about superparamagnetism was carried out by Néel et al.[1] In 
1949, Néel suggested that if the volume of the particle is small enough, it will be 
possible for the particle to spontaneously reverse its magnetization, even without 
magnetic field.[1] The first clear evidence of this was presented by Heukelom and 
Reijen in 1954.[2] In 1959, Bean and Livingston found that monodomain 
ferromagnetic particles can behave identically to that of an atomic moment at elevated 
temperatures.[3] They termed this behaviour “superparamagnetism” due to the very 
large moment of the particles.  
 
 The spontaneous magnetization reversal is caused by energy fluctuations. The 
probability of magnetization reversal per unit time can be approximated by the 
Arrhenius equation: 
   )exp(0 T
Eff κ
Δ−=       [1.1] 
where κ is the Boltzmann’s constant, T is the absolute temperature, EΔ  is the energy 
barrier, associated with the switching process, and 0f  is the so-called “attempt 
frequency” to cross the barrier. The attempt frequency is determined from the 
procession frequency of magnetic materials and spin-lattice relaxation time. The 
estimated value of 0f  is approximately 10
9 Hz. The Arrhenius equation indicates that 
the mean time for the spontaneous magnetization reversal to occur is  
   )exp(0 T
E
κττ
Δ=       [1.2] 
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where τ is the mean time for the spontaneous magnetization reversal to occur and 0τ  
= 1/ 0f  = 10
-9 s.  
 
If a magnetic particle is sufficiently small, its energy barrier for magnetization 
relaxation will eventually become comparable to thermal energy and its mean time of 
spontaneous reversal will become much smaller than the observation time. 
Consequently, its magnetization will reverse easily due to thermal energy fluctuation, 
just like magnetic dipoles in a paramagnetic material. However, the magnetic moment 
of the magnetic particle here is much larger because it contains thousands of atoms. 
Therefore, the magnetic behaviors of the very tiny particles are called 
superparamagnetic. The magnetization of a collection of identical superparamagnetic 
particles can be described by the Brillouin function of a paramagnet, which has no 
magnetic hysteresis. 
 
If a bit of information is to be stored by the sphere particles, safely for τ > 10 
years (3 × 108 s), ƒ< 3.33 × 10-9 Hz. This means that ΔΕ > 40κT, or V > 40κT/K. For 
a typical thin-film medium, the effective anisotropy constant K is about 2 × 106 
erg/cm3. At the room temperature T =300 K, κT = 4.14 × 10-14 erg. Therefore, the 
particle volume V should be greater than 828 nm3. For a cubic grain this means that 
its linear dimension should be larger than 9 nm. More sophisticated methods based on 
micromagnetic modeling agree that magnetic bits may become thermally unstable at 
the room temperature if the medium grain size is smaller than 10-12 nm. Based on 
SNR considerations, a magnetic bit must contain at least 100 thermally stable grains. 
Chapter 1    Introduction 
_____________________________________________________________________ 
__________________________________________________________________ 
Department of Materials Science                                National University of Singapore 
4
The ultimate areal density of the conventional longitudinal magnetic recording due to 
superparamagnetic limit is approximately 150 Gbit/in2, depending on the assumptions 
made on medium thickness and materials parameters. Highly orientated and 
antiferromagnetically coupled media can push the areal density of longitudinal media 
further but no more than 200 Gbit/in2. After longitudinal recording, perpendicular 
magnetic recording keeps the promise of sustaining continuous growth in data 
capacity. Nonetheless, the ultimate areal density of perpendicular magnetic recording 
(PMR) is still limited by the superparamagnetism. 
 
To overcome the problem, patterning of magnetic media has been proposed, in 
order to extend the magnetic storage densities beyond the limit set by thermal decay 
for conventional granular media (longitudinal media and perpendicular media).[4]  
Patterned media delays thermal instability by storing data in isolated, single-domain 
particles. It employs only one large particle for a single bit data, instead of thousands 
of smaller, single-domain grains as the case in conventional media. A comparison of 
the conventional media with patterned media is schematically shown in Figure 1.1.[4] 
In a patterned media, the basic storage units are ten times larger than that of the 
thermally unstable grains, allowing storage densities up to and beyond 1000 GB/in2. 
Until now, two types of patterned media have been proposed. One is the longitudinal 
patterned media, where the magnetization direction of the particles is parallel to the 
disk face. The other is the perpendicular patterned media, where the individual single-
domain magnet is perpendicular to the disk. In both cases, the magnets have two 
magnets states representing “1” and “0”. If the patterned media are used in hard drives 
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and with most of the drive design remaining the same, that is, a spinning disk with a 
slider flying above it and with read sensor that detects the fields from the single 
domain magnet, the subsequent implanting of patterned media into hard disks can be 
bent without too much disturbance. 
 
 
Figure 1.1. Schematic of conventional thin-film medium. (a) consisting of single-domain grains. 
Bits are represented as transitions between regions of opposite net magnetization. Each bit 
occupies an area of tens to hundreds of grains. (b) Patterned medium with in-plane 
magnetization. Now the bits are defined lithographically and have period p. The bits can be 
polycrystalline (indicated by dotted lines) or single crystal, but magnetically they act as single 
domains. (c) Patterned medium with out-of-plane magnetization. The period is p, the height h, 
and the diameter d. Binary ‘‘1’’ and ‘‘0’’ are indicated. (Reprinted with permission from [C. A. 
Ross, H. I. Smith, T. Savas, M. Schattenburg, M. Farhoud, M. Hwang, M. Walsh, M. C. 
Abraham, R. J. Ram, Journal Of Vacuum Science & Technology B 1999, 17, 3168]. Copyright 
[1999], AVS: Science & Technology of Materials, Interfaces, and Processing.).[4]  
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Two approaches have been used to fabricate a patterned media. One is the top-
down technique, using a range of nanolithography techniques to make prototype 
structures, including electron-beam, X-ray, imprint, and interferometric lithography, 
as well as electrodeposition and pattern transfer processes. The other is the bottom-up 
technique, whereby magnetic nanoparticles are first prepared and then self-assembled 
onto certain substrates to form a regular array. The later method has the potential for 
making very fine-scale structures over large areas in a rapid process and thus has 
attracted considerable attention. Structures with a period below 10 nm can be 
achieved, which is beyond that of most lithography techniques. Most importantly, it is 
critical to control the size distribution of the particles to obtain uniform properties and 
well-ordered self-assembly. 
 
In 2000, a highlighted research news was presented by IBM researchers for the 
synthesis, self-assembly, and magnetic recording performance of FePt nanoparticles.[5] 
This report described a technique to prepare highly monodispersed FePt nanoparticles 
with controlled sizes. They claimed that the self-assembled FePt nanoparticles can 
possibly be used for ultra-high density magnetic recording. In this report, the authors 
prepared spherical FePt nanoparticles by simultaneous reduction of platinum 
acetylacetonate and thermal decomposition of iron pentacarbonyl. The as-prepared 
spherical nanoparticles have very narrow size distribution with good solubility in 
hexane, chloroform and other nonpolar solvents. Therefore, their dispersion solutions 
could be easily deposited onto various substrates such as silicon wafer to form highly 
ordered, self-assembled films consisting of close-packed particles. Upon annealing at 
temperatures above 550 °C, the films showed ferromagnetic properties with high 
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coercivities that depended on the annealing conditions. They were able to record on 
the films and demonstrated that the thermal stability factor (KuV/kBT > 48) was 
suitable for a thin film magnetic recording medium. This interesting and promising 
result has aroused our interests in the synthesis and self-assembly of FePt 
nanoparticles for patterned media applications. The structures and normal properties 
of FePt alloy will be discussed in the following sections. 
 
1.2 Crystal Structures of FePt Alloy 
 
Figure 1.2. Crystal structures of (a) disordered FCC phase and (b) ordered FCT phase of FePt 
alloy with equiatomic ratio.  
 
The structure of FePt alloy is dominated by the composition and the 
arrangement of iron and platinum atoms. For instance, Fe50Pt50 structure has equal 
amount of atoms and two types of phases, namely face-centered-cubic (FCC) and 
(a) Fe or Pt atom (b) Fe atom Pt atom 
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face-centered-tetragonal (FCT). For FCC phase, the Fe and Pt atoms randomly occupy 
the lattice site of the unit cell while the atoms in FCT structure are orderly arranged. 
 
In 1941, Lipson et al.[6] determined that the ordered γ-phase of the FePt alloy 
has a CuAuI-type structure with lattice parameters a = 3.838 Å and c = 3.715 Å. The 
structure is shown in Figure 1.2a. The CuAuI structure has a primitive tetragonal 
Bravais lattice. A thermal annealing can convert the disordered FCC phase to ordered 
FCT structure (Figure 1.2b), which is also known as the L10 phase in metallurgical 
nomenclature. Alloys around the FePt3 and Fe3Pt compositions have CuAu3 and 
Cu3Au structures, respectively, which are both FCC (L12) structure. 
 
During ordering, the Fe and Pt atoms move into different planes which lead to 
a slight constriction in the c-axis direction. Ordering occurs along the direction of the 
planes forming the tetragonal ordered regions such that the c-axis become parallel to 
one of the <100> axis of the FCC phase. This leads to three possible orientations for 
tetragonal grains. As the atomic radii for iron and platinum atoms are different (rFe = 
1.24 Å and rPt= 1.39 Å[7]), there will be a strain induced within the planes which will 
be constrictive for the Pt planes and tensile for the Fe planes. The structure of the L10 
phase is often described in the literature as a superlattice. There are two definitions of 
the term superlattice: (a) a crystal structure that repeats over a relatively long distance 
or a multilayer structure, and (b) a structure derived from a parent structure, in which 
atoms are in positions deviating only slightly from the parent structure, such that the 
symmetry is reduced.[8] The self-assembled FePt nanoparticles is an example of 
definition (a). The FCT phase of FePt, which comes from the disordered FCC parent 
Chapter 1    Introduction 
_____________________________________________________________________ 
__________________________________________________________________ 
Department of Materials Science                                National University of Singapore 
9
structure, is an example of definition (b). For simplicity, only definition (a) will be 
used in this thesis. 
 
 1.3 Magnetic Properties of FePt Nanocrystals 
 
For FePt alloy with equal number of Fe and Pt atoms, the chemically-
disordered FCC phase is magnetically soft at room temperature. When the particle 
size decreases to a critical size, FePt alloys can show superparamagnetic properties. 
Figure 1.3 shows the phase diagram of the FePt alloys. Depending on the Fe and Pt 
atomic ratio, these alloys can display chemically disordered FCC phase (A1) or 
chemically ordered phases, such as (L12) for Fe3Pt, FCT phase (L10) for FePt and 
(L12) for Pt3Fe. These structure variations have dramatic effects on the magnetic 
properties of alloys. For example, Fe3Pt is magnetically soft[9] and Pt3Fe is 
antiferromagnetic, while the L10 structured FePt has large uniaxial magnetocrystalline 
anisotropy (Ku ≅ 7× 106 J/m3)[10] and shows strong ferromagnetic properties.[11] 
Various experimental results have revealed that the L10 type structure can be formed 
in FexPt1-x, with x ranging from 0.35 to 0.60.[12] The iron-rich L10-FePt alloy-based 
nanoparticle materials have shown excellent hard magnetic properties[5, 13, 14] and are 
foreseen to be used for a new generation of ultrahigh density magnetic recording 
media.[13, 15, 16]  
 
Currently, the focus is on the preparation and characterization of FePt 
nanoparticles with x ranging from 0.4 to 0.6. 
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Figure 1.3. Phase diagram for iron-platinum alloys.[17]  
 
1.4 Synthesis and Self-assembly of FePt Nanostructures 
 
Many approaches have been developed for the preparation of FePt 
nanoparticles. The preparation of nearly monodispersed nanoparticles is essential to 
permit studies that distinguish truly novel properties inherent to nanoscale structures 
from those associated with structural heterogeneities or polydispersity. Presently, the 
synthetic methodologies can be divided into two main categories: physical and 
chemical methods.  Physical methods including vapor phase deposition by sputtering, 
laser ablation, arc discharge and evaporation, have been presented for fabricating 
highly ordered and uniform structures.[9, 18-22] Chemical methods appear to be of 
particular interest since they offer the potential of facile scale-up, and occur at 
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moderate temperatures. The primary advantage that chemical methods offer over 
other methods is good chemical homogeneity, as it allows mixing at the molecular 
level. It is easier to control the size, composition, morphologies and crystallanility. 
The following paragraphs describe recent developments for the synthesis of FePt 
nanoparticles and their nanocomposites with other components using by chemical 
methods. 
 
Sun et al.[5] first synthesized monodisperse iron–platinum nanoparticles by the 
simultaneous reduction of platinum acetylacetonate (Pt(acac)2) and the thermal 
decomposition of iron pentacarbonyl (Fe(CO)5) in the presence of binary surfactants 
with oleic acid and oleyl amine. The composition was adjusted by changing the molar 
ratio of the two precursors. Using a 3:2 molar ratio of Fe(CO)5 to Pt(acac)2, Fe48Pt52 
nanoparticles were produced, while using 4:1 mixtures, Fe70Pt30 nanoparticles were 
formed. The particle size could be varied from 3 to 10 nm by adding more precursors 
to the previously synthesized 3 nm particles, which acted as nuclei. When the solvent 
was evaporated slowly, three-dimensional superlattices were generated, and by 
controlling the chain lengths of the stabilizing surfactants, inter-particle spacing could 
also be tuned. For example, 6 nm Fe48Pt52 nanoparticles were arranged with an 
interparticle spacing of 4 nm using oleic acid and oleyl amine as stabilizers, while the 
same sized particles stabilized with hexanoic acid and hexyl amine exhibited ~ 1 nm 
spacing. X-Ray Diffraction (XRD) analysis revealed that the as-synthesized 
nanoparticles showed a disordered FCC crystal structure and it was transformed to an 
ordered FCT structure when heated at 500 °C. Magnetic studies on 4 nm sized 
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Fe52Pt48 nanoparticles showed that the as-synthesized nanoparticles were 
superparamagnetic at room temperature and they became ferromagnetic after heating 
at 500 °C. A write/read experiment demonstrated that the annealed 120 nm thick 
superlattice of 4 nm Fe48Pt52 nanoparticles supported magnetization reversal 




Fig. 1.4 Schematic representation of the synthesis procedures to (a) synthesize nanocrystal 
samples by high-temperature solution-phase routes, (b) narrow the nanocrystal sample size 
distribution by size-selective precipitation, (c) deposit nanocrystal dispersions onto substrate, and 
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As an extension and modification of this method, the same group reported a 
simple and environmentally friendly chemical process for synthesizing monodisperse 
FePt by superhydride reduction of FeCl2 and Pt(acac)2 at a high temperature.[23] The 
particles growth was self-limited and thin assemblies of these nanoparticles were 
formed through polymer-polyethylenimine mediated self-assembly process.  The 
initial molar ratio of the two metal precursors is carried over to the final product and 
thus the composition can be tuned easily. The use of some convenient iron salt as 
starting material have also been investigated for the generation of FePt nanoparticles 
in combination with Pt(acac)2.[24-29] For instance, Fe(acac)3 and Pt(acac)2 have been 
used to prepare FePt nanoparticles with particle size of 2 nm by a polyol reduction 
process. The ordered FCT FePt phase has high magnetic anisotropy and thus large 
coercivity up to 1.8 T. More recently, a one-step synthesis of FePt with tunable size 
up to 9 nm has been reported.[30] It was found that the use of reducing agent such as 
polyalcohol or superhydride could lead to facile reduction of Pt(acac)2 to Pt, resulting 
in fast nucleation of FePt and consumption of metal precursors and smaller sized 
particles were finally produced. On the other hand, the exclusion of additional 
reducing agent in the reaction mixture might slow the nucleation rate, allowing more 
metal precursor to deposit around the nuclei, leads to the formation of larger particles. 
 
1.5 Magnetic Nanocomposites 
 
To broaden the application of magnetic nanoparticle, it is necessary to form 
nanoparticle composites, also called nanocomposites. The novel physicochemical 
properties of multifunctional nanocomposites provide a wider range of promising 
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applications in data storage, medicine, catalysis, and other disciplines. Recently, 
studies on the multifunctional nanoparticle composites in which various magnetic 
nanoparticles are combined with other components (such as semiconductor, polymer 
and so on) have been carried out intensively. 
 
A novel nanocomposite that consists of polymer coated γ-Fe2O3 
superparamagnetic cores and CdSe/ZnS quantum dots (QDs) shell has been described 
by Wang et al. [31] It exhibited high optical emission quantum yield and excellent 
magnetic properties and can be separated easily from solution using a permanent 
magnet. Anticycline E molecules against the breast cancer specific marker cycline E, 
were attached to the luminescent/magnetic particles functionized with carboxylic 
groups through EDAC coupling. The anti cycline E labeled particles successfully 
separated and detected MCF-7 breast cancer cells in serum. Such nanocomposites can 
be used in a variety of biomedical and biological applications including magnetic 
separation and detection of cancer cells, bacteria and viruses.  
 
In addition, a core@shell nanocomposite consisting of a magnetic nanoparticle 
(core) and a luminescent semiconductor quantum dot (shell) has been developed. [32]  
Nanocomposites with a magnetic metal core, Co, and a luminescent semiconductor 
shell, CdSe was synthesized. The transition from a superparamagnetic to a 
ferromagnetic material occurred at approximately 240 K, a difference of 110 K from 
the uncapped ε-Co, which was attributed to interparticle magnetostatic interactions 
due to the change in surface environment. It is believed that the nanocomposites retain 
the optical and magnetic properties of the respective components, permitting potential 
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applications that would make use of this novel bifunctionality, that is, optical 
“reporters” coupled with magnetic “handles” for the use in biomedical applications 
such as bioassays, labeling and diagnosis.  
 
More recently, the hybridization of magnetic nanomaterials with noble metal 
nanoparticles has also been explored. [33] Dumbbell-like Au-Fe3O4 nanoparticles were 
synthesized using decomposition of Fe(CO)5 in the presence of Au nanoparticles 
followed by oxidation in a non-coordinating solvent. The size of the gold particles 
was tuned between 2 and 8 nm by altering the reaction temperature or the 
surfactant:Au ratio during particle growth, whilst the size of the Fe3O4 particles was 
tuned between 4 and 20 nm by varying the Fe:Au ratio. The particles show the 
characteristic surface plasmon absorption of Au and the magnetic properties of Fe3O4 
that are affected by the interactions between Au and Fe3O4. Flower nanostructures 
have also been generated by carrying out the reaction in a polar solvent due to a 
different growth mechanism.[34] Very recently, another “dumbbell-like”, 
nanostructures consisting of ferromagnetic CoFe2O4 and silver nanoparticles has been 
prepared successfully. The coupled dumbbells show significantly enhanced 
magnetooptic response compared with single CoFe2O4 nanoparticles due to plasmonic 
contribution by the Ag nanoparticles. The effective optical constants of the Ag- 
CoFe2O4 nanocomposite are distinct from the magnetooptical response of the 
individual CoFe2O4 nanoparticles when it was physically contacted with silver 
nanoparticles possessing surface-plasma resonant optical properties.  
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1.6 Aim and Scope of This Thesis 
 
The synthesize and magnetic properties of FePt related nanoparticles are 
currently hot research topics due to their promising applications in high-density 
storage for magnetic recording media, and potential biomedical technology. More 
work on the investigations on preparation of FePt and its nanocomposites are needed. 
In this thesis, the focus is on synthesis and characterization of FePt nanoparticles and 
its nanocomposites with semiconductor nanoparticles.  
 
Chapter 2 gives an overall description on the chemicals and characterization 
methods used in this work. 
 
Chapter 3 reports the synthesis of FePt nanoparticles with different 
compositions, and the study of their structural and magnetic properties.  
 
Chapter 4 presented the work on the synthesis of the FePt-ZnO nanoparticle 
composites, and their structural, optical and magnetic properties were investigated.  
 
Chapter 5 gives the overall conclusions and suggestions for future work in 
improving the chemical and magnetic properties of FePt nanoparticles and 
nanocomposites. 
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Chapter 2  Chemicals and Characterization Methods 
 
2.1 Chemical Reagents 
 
All of the following chemicals were used as received without further purification, 
and all experiments were carried out using the standard airless techniques. 
 (1) Absolute ethanol – AR grade (J. T. Baker) 
(2) Toluene – HPLC grade (Tedia) 
(3) Hexane – HPLC grade (Tedia) 
(4) Iron pentacarbonyl – 99.999% (Aldrich) 
(5) Platinum acetylacetone – 99.99% (Aldrich)  
(6) 1, 2-hexadecanediol – 90% (Tech. grade) 
(7) Oleic acid – 98% (Aldrich) 
  (8) Oleylamine – Technical grade, 70% (Aldrich)  
(9) Octyl ether – 99% (Aldrich) 
(10) Zinc acetate – 99% (Aldrich) 
(11) 1-octadecene – technical grade, 90% (Aldrich) 
 
2.2 Characterization Tools 
2.2.1 X-ray Diffraction (XRD) 
 
XRD analysis was carried out on a ADDS wide-angle X-ray powder 
diffractometer with Cu-Kα radiation (40 kV, 40 mA, λ = 1.54184 Å). The samples 
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were prepared by drop the solution with nanoparticles on silicon (111) substrate (0.5 
cm × 0.5 cm) and dried in desiccator. 
 
2.2.2 Transmission Electron Microscopy (TEM) 
 
TEM and selected area electron diffraction (SAED) patterns were obtained on 
a Hitachi H-8100 TEM (200 KV). High-resolution TEM was carried on a JEOL JEM 
3010 TEM equipped with EDX system and CCD camera. The samples were prepared 
by placing a drop of the solution with nanoparticles dispersed in hexane or toluene 
onto 300 mesh Formvar/Carbon copper grid, and was allowed to dry in desiccators.  
 
2.2.3 Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) 
 
The composition of the obtained iron-platinum nanocrystals was measured by 
means of inductively coupled plasma atomic emission spectrometry (ICP-AES) using 
a standard HCl/HNO3 digestion. The measurement was conducted on Thermal Jarrell 
Duo Iris Inductively coupled-optical emission spectrometer at Department of 
Chemistry, National University of Singapore. 
 
2.2.4 Vibrating Sample Magnetometer (VSM) 
 
A vibrating sample magnetometer (Digital Measurement System) with a 
maximum field of 2.2T was employed for the magnetization measurements. The 
substrate was parallel to the magnetic field. 
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2.2.5 Superconducting Quantum Interference Device (SQUID) 
 
The magnetization measurements were made by Superconducting Quantum 
Interference Device (SQUID) with a maximum field of 9T. The substrate was parallel 
to the magnetic field. 
 
2.2.6 Ultraviolet/Visible (UV/Vis) Spectroscopy 
 
A Shimadzu UV-1601 UV/Vis spectrophotometer was used to carry out the 
optical measurements. Samples were diluted with hexane and the spectra were 
obtained using pure hexane solvent as the blank reference. 
 
2.2.7 Photoluminescence (PL) Spectroscopy 
 
The photoluminescent properties of obtained ZnO nanoparticles and FePt –
ZnO nanocomposites were measured using a RF-5301 PC spectrofluorometer.  
 
2.2.8 Annealing Oven  
 
The annealing process was performed using a Jipelec Jetstar 100 ST machine. 
The base vacuum pressure of the stove was lower than 10-6 Torr. The samples were 
annealed at temperatures range from 500 oC to 650 oC for 30 minutes. 
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2.3 Principles of General Characterization Methods 
2.3.1 X-ray Diffraction (XRD) 
 
XRD is used to obtain information about the structure, phase, crystallinity and 
as well as the composition of produced materials. The X-ray diffraction pattern of a 
pure substance is like a fingerprint of the substance. The typical applications of XRD 
includes identification of unknown based on the crystalline peaks, variable 
temperature studies, precise measurement of lattice constants and residual strains as 
well as the refinement of atomic coordinates. It can also show the growth orientation 
for thin films.  
 
Figure 2.1 shows the constructive interference occurred for deriving Bragg’s 
law. In a crystal, each plane of atoms is a reflecting surface. In X-ray diffraction test, 
diffraction can occurred whenever Bragg’s Law is satisfied. Constructive wave 
interference or strong diffraction occurs when the difference in path length for the top 
and bottom rays is equal to one or integer wavelength. The mathematical expression 
for this kind of interaction is given by Bragg’s law (equation 2.1): 
nλ = 2dsinθ        [2.1] 
where n is an integer, λ is the wavelength of the radiation, d is the perpendicular 
spacing between adjacent planes in the crystal lattice and θ is the angle of incident and 
“reflection” of the X-ray beam. 
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Incoming beam Reflected beam
 
Figure 2.1. Illustration for interference of a wave scattered from crystal lattice planes. 
 
Generally, diffraction patterns from a material typically contains many distinct 
peaks, each corresponding to a different interplanar spacing, d, in which each 
“reflection” of an x-ray from a crystal is assigned a unique hkl value. The interplanar 
spacing dhkl in various structures with different lattice parameter could be labeled by 





=      [2.2] 
where a0 is lattice constant of a unit cell, dhkl is lattice spacing. There are often many 
individual crystals of random orientation in the sample, so all possible Bragg 
diffractions can be observed in the powder pattern. There is a convention for labeling, 
or “indexing”, the different Bragg peaks in a powder diffraction pattern using the 
numbers (hkl). One important application of x-ray powder diffractometry is for 
identifying the structure of a material sample. The easier way is to match the positions 
of the peaks in the observed diffraction pattern to a standard pattern of peaks. There 
should be a one-to-one correspondence between the observed peaks and the standard 
indexed peaks.  
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To obtain more quantitative information, the size value of particles could be 






L =        [2.3] 
where L is the value of particle size, B is the full width at half maximum (FWHM) of 
the peak, λ is the wavelength of the X-ray radiation, and θ is the angle of diffraction. 
As expected from the above equation, the XRD peaks of the nanocrystallites are 
considerably broadened compared to those of the bulk, due to the finite size of these 
crystallites. The smaller the particle size, the broader the diffraction peaks appear. 
 
2.3.2 Transmission Electron Microscopy (TEM) 
 
The TEM has become the premier tool for the structural characterization of 
micro- and nano-materials. In practice, the diffraction patterns measured by x-ray 
methods are more quantitative than electron diffraction patterns, but electrons have an 
important advantage over x-rays: electron can be focused easily. The optics of 
electron microscopes can be used to obtain images of the electron intensity emerging 
from the sample. For example, a variation in the intensity of electron diffraction 
across a thin specimen, called diffraction contrast, is useful in obtaining images of 
defects such as dislocation, interface and other phase particles. TEM is becoming 
more and more important for the characterization and imaging of nanomaterials, in 
many researches, particle size and morphologies are seen from TEM images.  
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Figure 2.2. Block diagram of a typical TEM with x-ray detector and imaging lens configuration.  
 
A block diagram of a TEM is shown in Figure 2.2A TEM is composed of an 
illumination system, a specimen stage, an objective lens system, the magnification 
system, the data recording system, and the chemical analysis system. The illumination 
system, usually located at the top of the microscope column, provides the incident 
electron and controls their intensity and angular convergence on the specimen. The 
electron is electrically biased at a large negative potential (100 kV, for example) with 
respect to the microscope column, and repels those electrons which leave its surface. 
Usually, these electrons are produced by a tungsten filament, a LaB6 crystal or a field 
emission gun. After the generated electrons travel through the crossover below 
electrostatic field, they pass through anode at high velocity and enter the condenser 
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lenses. The function of the condenser lens is to produce a better source of illumination, 
enhance the quality of the beam convergence on the specimen and eliminate those off-
axis rays that suffer most from the aberrations of the condenser lens. The generated 
beam of electrons is then collimated by magnetic lenses and allowed to pass through 
the specimen under high vacuum. The objective lens often consists of two pole pieces 
with the specimen between them, so focusing action occurs both before and after the 
specimen. The combined use of the diffraction lens and intermediate lens is to control 
the camera length, and the projection lens is used for additional image magnification 
by a factor of tens or even more. Finally, the transmitted beam or one of the diffracted 
beams can form magnified image of the sample on the fluorescent viewing screen. 
These form the bright- and dark-field imaging modes that give information about the 
size and shape of the microstructural or nanostructural materials.   
 
A modern TEM has the capability of imaging the variation in diffraction 
across the specimen (diffraction contrast imaging), imaging the phase contrast of the 
specimen (high-resolution imaging), obtaining the diffraction patterns from selected 
areas of the specimen and performing the energy-dispersive X-ray spectroscopy 
(EDS), and Electron diffraction (ED) measurements. 
 
2.3.3 Vibrating Sample Magnetometer (VSM) 
 
The vibrating sample magnetometer has become a widely used instrument for 
determining magnetic properties of a large variety of materials: diamagnetics, 
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paramagnetics, ferromagnetics, and antiferromagnetics. This experimental technique 
was invented in 1956 by Simon Foner at MIT.  
 
The principle of VSM is based on the Faraday’s law of electromagnetic 
induction that the voltage induced in an electrical circuit is proportional to the rate of 
the change of magnetic flux linking the circuit. A VSM employs an electromagnet 
that provides the DC magnetizing field, a vibrator mechanism to vibrate the sample in 
the magnetic field, and detection coils, which generate the signal voltage due to the 
changing flux emanating from the vibrating sample. Figure 3 shows a schematic 
illustration of VSM system. The ac voltage proportional to the sample’s magnetic 
moment is sensed by the pick-up coils. The output of measurement displays the 
magnetic moment M as a function of the field H. Calibration is made with a standard 
nickel sample to convert the moment (emu) to voltage. 
 
If a sample of any material is placed in a uniform magnetic field, created 
between the poles of an electromagnet, a dipole moment will be induced. If the 
sample vibrates with sinusoidal motion a sinusoidal electrical signal can be induced in 
pick-up coils. The signal has the same frequency of vibration and its amplitude is 
proportional to the magnetic moment, amplitude, and the relative position with respect 
to the pick-up coils system.  
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Figure 2.3. Schematic diagram of a VSM system. 
 
The sample is fixed to a small sample holder located at the end of a sample rod 
mounted in an electromechanical transducer. The transducer is driven by a power 
amplifier which itself is driven by an oscillator at a frequency of 90 Hertz. So, the 
sample vibrates along the Z axis perpendicular to the magnetizing field. The latter 
induced a signal in the pick-up coil system that is fed to a differential amplifier. The 
output of the differential amplifier is subsequently fed into a tuned amplifier and an 
internal lock-in amplifier that receives a reference signal supplied by the oscillator. 
The output of this lock-in amplifier, or the output of the magnetometer itself, is a DC 
signal proportional to the magnetic moment of the sample being studied. The 
electromechanical transducer can move along X, Y and Z directions in order to find 
Sample  
Pick-up Coils  
Vibration Units  
ω 
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the saddle point. The calibration of the vibrating sample magnetometer is done by 
measuring the signal of a pure Ni standard sample.  
 
Using a vibrating sample magnetometer one can measure the DC magnetic 
moment as a function of temperature, magnetic field, angle and time, hence it can 
perform susceptibility and magnetization studies. Some of the most common 
measurements made by VSM are: hysteresis loops, susceptibility or saturation 
magnetization as a function of temperature (thermomagnetic analysis), magnetization 
curves as a function of angle (anisotropy), and magnetization as a function of time. 
 
2.3.4 Superconducting Quantum Interference Device (SQUID) 
 
There are two main types of superconducting quantum interference device 
(SQUID), they are DC and RF. The DC SQUID was invented in 1964 by Robert 
Jaklevic, John Lambe, Arnold Silver, and James Mercereau of Ford Research Labs 
after B. D. Josephson postulated the Josephson junction in 1962 and the first 
Josephson Junction was made by John Rowell and Philip Anderson at Bell Labs in 
1963. A SQUID uses the properties of electron-pair wave coherence and Josephson 
Junctions to detect very small magnetic fields, and it is currently the most sensitive 
devices (magnetometers), with noise levels as low as 3 fT·Hz−½. 
 
A SQUID magnetometer is a flux method of measuring magnetization of a 
sample. A cut view of SQUID magnetometer is shown in Figure 2.4. The main 
components of a SQUID magnetometer are: (a) superconducting magnet (that must be 
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acquired together its programmable bipolar power supply); (b) superconducting 
detection coil which is coupled inductively to the sample; (c) a SQUID connected to 
the detection coil; and (d) superconducting magnetic shield.  
 
Figure 2.4. Schematic cut view of SQUID magnetometer.  
 
Its principle is briefly described in the following. The flux change through a 
pick-up coil system with a SQUID is proportional to the magnetic moment of a 
sample which is magnetized by the magnetic field produced by a superconducting 
magnet.  The superconducting magnet is a solenoid made of superconducting wire, 
which must be kept at liquid helium temperature in a liquid-helium Dewar flask. The 
uniform magnetic field is produced along the axial cylindrical bore of the coil. To 
operate a superconducting magnet requires an appropriate programmable bipolar 
power supply. The superconducting detection coil is a single piece of superconducting 
Thermal Shield 
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wire configured as a second-order gradiometer. In this geometry, this pick-up coil 
system is placed in the uniform magnetic field region of the solenoidal 
superconducting magnet. The superconducting magnetic shield is used to shield the 
SQUID sensor from the fluctuations of the ambient magnetic field of the place where 
the magnetometer is located and from the large magnetic field produced by the 
superconducting magnet. 
 
SQUID could measure the real and imaginary components of the AC magnetic 
susceptibility as a function of frequency, temperature, AC magnetic field amplitude 
and DC magnetic field value. In addition, the DC magnetic moment as a function of 
temperature, DC magnetic field, and time could also be investigated. Meanwhile, such 
devices have promising applications in industry and biomedical purposes.  
 
2.3.5 Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES) 
 
The inductively coupled plasma atomic emission spectroscopy (ICP-AES) 
finds applications in many fields including inorganic chemistry, bio-inorganic 
chemistry, pharmaceutical industries, biological sciences, geology, oceanography, 
food industries, polymer industries, pesticide industries, environmental studies and 
pollution monitoring of water and air and catalyst industries. ICP-AES is generally 
superior in accuracy, precision, detection limit, freedom from interferences, and 
dynamic range than other analytical instrumentation.  
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Atomic emission spectrometry is based on the principle that during reversion 
to the ground state an excited atom or ion releases absorbed energy as light (photons) 
of characteristic wavelengths. The photon energies are unique to each element as it 
depends upon the electronic configuration of the orbitals. The block diagram of a 
typical ICP-AES instrument is shown in Figure 2.5. When a liquid sample is 
nebuilized into aerosol and introduced into the center of the plasma, the plasma 
excites the sample atoms, which subsequently relax to a lower energy state by 
emitting light at elementally characteristic wavelengths. The intensities of these 
characteristic wavelengths are detected, measured, and compared to intensities for 
known standards to provide quantitative results.  
 
 
Figure 2.5. Schematic illustration of a typical ICP-AES instrument.  
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The most important advantage of ICP-AES is the ability to analyze many 
elements in one go. This certainly helps to save a great deal of analysis time. 
Furthermore, ICP-AES also allows quantitative analysis over a wide concentration 
range thus making the determination of major and trace component possible without 
dilution. However, ICP-AES has it own limitations such as spectral overlap and 
matrix effect. Spectral overlap is caused by the direct overlap of the emission lines 
from the analyte and the interfering element. This can be avoided by taking an 
alternate line only in a sequential instrument. Matrix effects, on the other hand, affect 
the sensitivity of this analysis method by changing the efficiency of nebuliztion. Only 
though matching the matrix of the standard with that of the sample can help to 
minimize some of these matrix effects. 
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Classical studies by La Mer and Dinegar[1] show that the production of 
monodisperse colloids requires a temporally discrete nucleation event followed by 
controlled slow growth on the existing nuclei.  
 
Figure 3.1. (A) Cartoon depicting the stages of nucleation and growth for the preparation of 
monodisperse nanocrystals in the framework of the La Mer model. As nanocrystals grow with 
time, a size series of nanocrystals may be isolated by periodically removing aliquots from the 
reaction vessel. (B) Representation of the simple synthetic apparatus employed in the preparation 
of monodisperse nanocrystal samples. (Reprinted, with permission, from the Annual Review of 
Materials Science, Volume 30(c) 2000 by Annual Reviews www.annualrevies.org).[2] 
 
The synthesis and assembly of small hard magnetic nanoparticles have 
attracted more and more attention because of their potential applications in ultrahigh-
density magnetic recording,[3] ferrofluids,[4] advanced nanocomposite permanent 
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magnets,[5, 6] and even biological microsystems. The chemically ordered FePt face-
centered tetragonal (FCT) phase is an excellent candidate for these applications due to 
their good chemical stability and high magnetocrystalline anisotropy Ku (108 
erg/cm3).[7, 8] Sun et al.[9] demonstrated the synthesis of monodisperse FePt 
nanoparticles by simultaneous reduction of platinum acetylacetonate (Pt(acac)2) and 
thermal decomposition of iron pentacarbonyl (Fe(CO)5) in the presence of oleic acid 
and oleyl amine as stabilizers. The particle size and the composition of the FePt 
nanoparticles could be tuned. Recently, Zeng and Sun[5] fabricated FePt and Fe3Pt 
exchange-coupled nanocomposites using nanoparticle self-assembly. By optimizing 
the exchange coupling, they produced exchange-coupled isotropic FePt-Fe3Pt 
nanocomposites with an energy product of 20.1 MG Oe.[5] 
 
Although the work of Zeng et al.[5] is an exciting development for making 
strong magnets for practical applications, the fabricating processes are rather 
complicated and there are still many unsolved issues. In this chapter, three serials of 
FePt nanoparticles were successfully synthesized and their structural and magnetic 
properties were studied. Moreover, an approach to fabricate FePt and Fe 
nanocomposites by simply annealing self-assembled FePt nanoparticles at certain 
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3.2 Synthesis of FePt Nanoparticles 
3.2.1 Synthesis of FePt Nanoparticles 
 
The synthetic experiments were carried out using standard airless procedures 
and commercially available reagents. The method reported by Sun et al.[9] to 
synthesize FePt nanoparticles was followed. Moreover, systematic studies were 
performed on the effect of the molar ratio of the pentacarbonyl and platinum (II) 
acetylacetonate to the properties of FePt nanoparticles. The dosages of reaction agents 
were listed in Table 3.1. 
 


















A 0.5 1.0 1.5 0.5 0.5 20 
B 0.5 0.75 1.5 0.5 0.5 20 
C 0.5 0.5 1.5 0.5 0.5 20 
 
A typical synthesis process for the synthesis of Fe56Pt44 is described as 
following: Pt(acac)2 (197.6 mg, 0.5 mmol), 1,2-hexadecanediol (393.5 mg, 1.5 mmol), 
and octyl ether (20 mL) were added to three-necked flask equipped with an Ar 
in/outlet, septa rubber and thermometer in a glove box. The flask was transferred out 
and connected to an Ar atmosphere system. The mixture was heated to 100 oC. Oleic 
acid (0.16 mL, 0.5 mmol), oleyl amine (0.24 mL, 0.5 mmol) and Fe(CO)5 (0.13 mL, 1 
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mmol) were added, and the solution was continuously heated continuously to reflux at 
297 oC for 30 minutes. The heating source was removed and the black mixture was 
allowed to cool to room temperature. 40 mL of ethanol was added to the mixture and 
centrifuged. The yellow-brown supernatant was then discarded. The black precipitate 
was dispersed in hexane (25 mL) in the presence of oleic acid (0.05 mL) and oleyl 
amine (0.05 mL) and precipitated out by adding ethanol (20 mL) and centrifuging. 
The black precipitate was dispersed in hexane (20 mL) and centrifuged to remove 
unsolved precipitate (almost no precipitate). 15 mL of ethanol was added to 
precipitate the product. The black precipitate was redispersed in hexane and stored in 
a glove box. 
 
3.2.2 Nanoparticles Assembly 
 
Nanoparticles assembly was performed on a naturally oxidized silicon 
substrate. One drop of hexane-dispersed FePt nanoparticles was deposited on a 
SiO2/Si substrate. The solvent was allowed to evaporate slowly at room temperature. 
FePt nanoparticles could self-assemble into three-dimensional (3D) superlattices or 
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3.3 Results and Discussion 
 
Table 3.2 The ICP-AES results and the molar ratio of precursors for FePt samples with different 
compositions.  
 
ICP-AES Results Sample Fe(CO)5 
(mmol) 
Pt(acac)2 
(mmol) Fe (ppm) Pt(ppm) 
Molar Ratio
Fe:Pt  
A 0.5 1 59.83 163.9 56:44 
B 0.5 0.75 54.51 125.6 60:40 
C 0.5 0.5 21.79 58.42 57:43 
 
The composition of FePt nanoparticles was tunable by varying the molar ratio 
of the Fe(CO)5 and Pt(acac)2. For 0.5 mmol of Fe(CO)5, oleic acid and oleyl amine, 
and 20 ml of dioctylether, the molar amounts of Pt(acac)2 and the resulting FexPt(100-x) 
were shown in Table 3.2. It was obvious that not all the Fe(CO)5 contributed to the 
formation of FePt nanoparticles. At the reaction temperature of 298 oC, Fe(CO)5 was 
in the vapor phase since Fe(CO)5 had a low boiling point (103 oC). The Fe(CO)5 gas 
would decompose to form Fe at the interface of the gas phase and the reaction 
solution. Thus, the decomposition speed would be greatly affected by the 
consumption of the Fe particles, which were dominated by the formation of the FePt 
nanoparticles. Since the reduction rate of the Pt(acac)2 was relatively slow at the 
system, the dominant reaction in this system was the reduction of the Pt(acac)2. 
Therefore, the decomposition of the Fe(CO)5 gas would slow down to match with the 
reduction of the Pt(acac)2, which would lead to the incomplete consumption of the 
Fe(CO)5 during the reaction period. As a result, 0.5 mmol of Fe(CO)5 and 0.5 mmol of 
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Pt(acac)2 would result in the formation of Fe57Pt43, while 0.5 mmol of Fe(CO)5 and 
0.75 mmol of Pt(acac)2 would result in the formation of Fe60Pt40 and 0.5 mmol of 
Fe(CO)5 and 1 mmol of Pt(acac)2 would result in the formation of Fe56Pt44.  
 




Figure 3.2. TEM images of 5 nm Fe56Pt44 nanoparticles: (a) 3D benzene-loop-like assembly (b) 
one layer array (c) selected area electron diffraction (d) size distribution for (b). 
 
The as-synthesized Fe56Pt44 nanoparticles were monodisperse and had an 
average size of 4.7 nm with a standard distribution less than 5%. The as-synthesized 
a b
c d
25 nm 25 nm 
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nanoparticles could readily self-assemble into regular patterns. Benzene-like pattern 
(Figure 3.2a) and single layer cubic pattern (Figure 3.2b) could be obtained. The 
different patterns could be controlled by changing the concentration of the FePt 
hexane dispersion and the evaporation speed. Generally, a higher concentration of 
FePt hexane dispersion tended to form multi layer patterns or complex patterns such 
as the benzene-like pattern, while a lower concentration of the hexane dispersion of 
the nanoparticles inclined to form monolayer patterns.  
 
The image contrast from particle to particle in Figure 3.2b was about the same. 
A uniform contrast image of the FePt nanoparticles suggested that the Fe and Pt form 
uniform composition in each of the FePt nanoparticles, and the formation of single 
layer of FePt assembly. 
 
Figure 3.2c shows a typical selected area electron diffraction (SAED) pattern. 
The ring pattern indicated that the as-synthesized FePt antiparticles were of random 
crystal orientations with a FCC lattice structure, confirming the formation of the 
chemically disordered FCC FePt phase. The intensity rings in the SAED pattern could 
be indexed as (111), (200), (220), (311), (222) planes of FCC FePt. 
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Figure 3.3. XRD patterns for Fe56Pt44 nanoparticles: (A) before annealing, (B) annealing under 
vacuum at 500 oC for 30 minutes, (C) annealing under vacuum at 550 oC for 30 minutes, and (D) 
annealing under vacuum at 650 oC for 30 minutes. (Peaks without * mark belong to FCT FePt). 
 
Figure 3.3 shows typical XRD diffraction patterns of the as-synthesized (A) 
and annealed FePt nanoparticles (B-D). By annealing, the nanoparticles changed from 
chemically-disordered FCC phase to chemically-ordered FCT phase as indicated by 
the (111) peak shifts and the evolution of the (110) and (002) peaks (Figure 3.3B-D). 
The as-synthesized particle assembly exhibited very broad peaks, which could be 
indexed by using the structure of FCC FePt, further confirming that the as-synthesized 
particles were structurally FCC. When annealed at 500 oC, the peaks became narrow 
and shifted to higher angle, indicating the growth of grain and ordering of Fe and Pt 
atoms. The particles were partially chemically ordered judged by the peaks’ positions. 
By increasing the annealing temperature to 550 oC, a few additional peaks appeared 
and the existing peaks were narrowed further and shifted to higher angle. Most of the 
peaks could be indexed by using the structure of FCT FePt except one positioned at 
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2θ = 44.8°, which could be attributed to body-centered-cubic (BCC) iron, indicating 
that the film were composed of two phases: one was FCT FePt and the other was BCC 
Fe (Fe-rich FePt alloy) (Figure 3.3C). With further increasing the annealing 
temperature to 650 oC, no peaks of BCC Fe were found and all peaks could be fully 
indexed by using the structure of FCT FePt. 
 






















































Figure 3.4. Hysteresis loops for Fe56Pt44 films annealed at different temperatures for 30 minutes 
obtained by SQUID and VSM. (a) 500 oC (b) 550 oC (c) 650 oC. 
  
Figure 3.4 shows the hysteresis loops of Fe56Pt44 films annealed at different 
temperatures. As reported,[10] the as-deposited FePt nanoparticle assembly with 
disordered FCC phase was superparamagnetic. Phase transformation of FCC to FCT 
occured when the annealing temperature was above 500 oC. The coercivity (Hc) 
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increased with increasing the annealing temperature (Tc), which was related to the 
ordering improvement by forming FCT phase.  
The coercivity of the films annealed at 500 oC, 550 oC and 650 oC were 7444 
Oe, 10808 Oe and 15260 Oe respectively (Figure 3.4). The hysteresis loops of the 
annealed film were all two-phase-like with a kink at low field, revealing that these 
films consisted of a magnetically hard phase and a magnetically soft phase. For the 
film annealed at 500 oC, XRD patterns showed that the film was partially ordered due 
to a relatively low annealing temperature. Therefore, the film consisted of two phases, 
one was FCC FePt phase and the other was FCT FePt phase. For the film annealed at 
550 oC, it was believed that the magnetically hard phase was FCT FePt phase and the 
magnetically soft phase was BCC Fe phase (or Fe-rich FePt alloy), indicating that Fe 
could be segregated from FePt particles by a proper annealing to form FePt and Fe 
nanocomposite, which agreed well with the XRD results. Similarly, the film annealed 
at 650 oC consisted of BCC Fe phase and FCT FePt phase. However, there had no 
BCC Fe peak appeared in the XRD pattern. This may be due to a low volume 
percentage of the Fe phase in the film and the small volume pacentage caused very 
low intensity which is beyond the sensitivity of the XRD detector. The volume 
percentage of Fe phase could be calculated from the hysteresis loops using equation 
3.1. Table 3.3 listed the volume percentage of magnetic soft phase in the whole film. 
For illustration, the hysteresis loop of the film annealed at 550 oC was adopted to 
show the calculation process as depicted in Figure 3.5. 
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Figure 3.5. The illustration for the calculation of the volume percentage of the magnetic soft 
phase and magnetic hard phase. The hysteresis loop is the Fe56Pt44 film annealed at 650 oC. 
 
μ1/μ2 = (MsFeV1) / (MsFePtV2)      [3.1] 
where μ1 is the distance between the positive maximum moment and the kink point, 
μ2 is the distance between the negative maximum moment and the kink point, MsFe 
and MsFePt are the saturated moments of the Fe and FePt bulk materials, respectively. 
V1 and V2 refer to the volume percentages of the Fe phase and FePt phase, 
respectively. 
MsFe = 1750 emu.cm-3 
MsFePt = 1140 emu.cm-3 
Fe and FePt L10 phase magnetizations were obtained from their bulk 
saturation values (1750 emu/cm3 and 1140 emu/cm3).[11, 12]  
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Table 3.3. Volume percentage of FCC Fe in Fe56Pt44 films annealed at different temperatures. 
Sample  μ1 μ2 V1/V2 V1/(V1+V2) 
Annealed at 550 oC 0.6390 1.2871 0.323 24.4% 
Annealed at 650 oC 0.6189 5.2116 0.077 7.1% 
 
As shown in Table 3.3, the Fe56Pt44 film annealed at 550 oC contained 24.4% 
of BCC Fe phase, while the films annealed at 650 oC only contained 7.1% of BCC Fe. 
The calculated volume percentage was in agreement with the XRD patterns. For the 
film annealed at 650 oC, it consisted of BCC Fe and FCT FePt as judged from the 
hysteresis loops. However, the volume percentage of the FCC Fe was too low to be 
detected by the XRD detector. Therefore, the BCC Fe peaks could not be observed in 
the XRD pattern. 
 





Figure 3.6. TEM images of 3D self- assembled Fe57Pt43 nanoparticles. 
a
25 nm5 nm 
b
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Figure 3.6 shows the TEM images of the Fe57Pt43 nanoparticles. Figure 3.6a 
shows a three-dimensional cubic pattern while Figure 3.6b shows a three-dimensional 
hexagonal pattern. These two different patterns were obtained by controlling the 




























































Figure 3.7. XRD patterns for Fe57Pt43 nanoparticles: (A) before annealing, (B) annealing under 
vacuum at 500 oC for 30 minutes, (C) annealing under vacuum at 550 oC for 30 minutes, and (D) 
annealing under vacuum at 650 oC for 30 minutes. (Peaks without * mark belong to FCT FePt). 
 
Figure 3.7 shows XRD patterns of the Fe57Pt43 as-deposited film and the films 
annealed at different temperatures. With an increasing of the annealing temperature, 
the FePt nanoparticles transformed from FCC to FCT gradually. Similar with the 
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Figure 3.8. Hysteresis loops for Fe57Pt43 nanoparticles annealed at different temperatures for 30 
minutes obtained by SQUID and VSM. (a) 500 oC (b) 550 oC (c) 650 oC. 
 
Figure 3.8 shows the hysteresis loops for the Fe57Pt43 films annealed at 
different temperatures for half an hour. For the film annealed at 500 oC, the coercivity 
was 3172 Oe. The coercivity was reasonable due to the partial phase transformation of 
the FCC to FCT structure. As seen from the XRD pattern, the peaks were a little 
broader than films annealed at higher temperatures. Furthermore, the (111) peak 
position was between those of the FCC FePt and FCT FePt phase, which also 
confirmed the partial phase transformation of FePt nanoparticles. The coercivity for 
the films annealed at 550 oC and 650 oC were 11820 Oe and 16697 Oe, respectively.  
 
Table 3.4 shows the calculated volume percentage of magnetic soft phase and 
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magnetic hard phase from the hysteresis loops. For the film annealed at 550 oC, the 
volume percentage of the magnetic soft phase was 3.6% only, thus it could not be 
detected by the XRD detector. However, the percentage was 8.0% for the film 
annealed at 650 oC. As such, it was not surprising that the BCC Fe peak was observed 
in the XRD patterns.  
 
Table 3.4. Volume percentage of FCC Fe in Fe57Pt43 films annealed at different temperatures. 
Sample  μ1 μ2 V1/V2 V1/(V1+V2) 
Annealed at 550 oC 0.0335 0.5842 0.03736 3.6% 
Annealed at 650 oC 0.3254 2.4473 0.0867 8.0% 
 
 
3.3.3 Structural Characterization and Magnetic Properties of Fe60Pt40 
Nanoparticles 
 
5 nm Fe60Pt40 particles were synthesized by changing the initial molar ratio of 
Fe(CO)5 to Pt(acac)2. The Fe60Pt40 nanoparticles were able to self-organize into 
regular arrays with different patterns. Figure 3.9a and b show the three-dimensional 
cubic superlattice with different neighboring spacing. Figure 3.8c shows a close-
packed three-dimensional hexagonal superlattice. The inter-grain distances 
maintained by the oleic acid and oleyl amine stabilizers were around 2 nm for the 
cubic pattern shown in Figure 3.9a and 1.5 nm for pattern shown in Figure 3.9b, 
whereas, it was about 2 nm for three-dimensional hexagonal superlattice shown in 
Figure 3.9c. Figure 3.9d shows the selected area electron diffraction pattern of the as-
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Figure 3.9. TEM images of Fe60Pt40 nanoparticles. (a) 3D cubic assembly, (b) 3D cubic assembly, 
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Figure 3.10. XRD patterns for Fe60Pt40 nanoparticles: (A) before annealing, (B) annealing under 
vacuum at 500 oC for 30 minutes, (C) annealing under vacuum at 550 oC for 30 minutes and (D) 
annealing under vacuum at 650 oC for 30 minutes. (Peaks without * mark belong to FCT FePt). 
 
Figure 3.10 shows typical XRD diffraction patterns of the as-synthesized (A) 
and annealed (B-D) Fe60Pt40 nanoparticles. The as-synthesized nanoparticles could be 
fully indexed as FCC FePt phase. The peaks were very broad. While increasing the 
annealing temperatures, the peaks became sharper and their positions were shift to 
higher angles. At the same time, some additional peaks appeared. This indicated the 
process of the phase transformation of FCC to FCT structure. For film annealed at 550 
oC, BCC Fe peak appeared at the position 2θ = 44.8°. 
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Figure 3.11. Hysteresis loops for Fe60Pt40 nanoparticles annealed at different temperatures for 30 
minutes obtained by SQUID and VSM. (a) 500 oC (b) 550 oC and (c) 650 oC. 
 
Figure 3.11 shows the hysteresis loops for the Fe60Pt40 films annealed at 
different temperatures. The coercivities of the films annealed at 500 oC, 550 oC and 
650 oC were 4254 Oe, 7379 Oe and 10078 Oe respectively. The hysteresis loop for the 
film annealed at 550 oC had a kink at the low field, which revealed that the film 
consisted of two phases: a magnetic hard phase and a magnetic soft phase. Combined 
with the XRD pattern, it could be confirmed that the film consists of BCC Fe and 
FCT FePt. The BCC Fe was magnetic soft phase while the FCT FePt was magnetic 
hard phase. This implied that at 550 oC, Fe was separated from the film. Increasing 
the annealing temperature to 650 oC, the hysteresis loop was one-phase-like without 
phase separation. This agreed well with the XRD results.  
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For the FePt films with different compositions, the segregation of the BBC Fe 
phase depended much on the annealing temperatures and the FePt compositions. Fe 
atoms could be segregated from the FePt particles to form BCC Fe phase at the 
temperature of 550 oC and higher temperature (650 oC) for Fe56Pt44 and Fe57Pt43 films. 
However, the BCC Fe phase could not be observed if the volume percentage of Fe 
phase was too small in the whole film. While the Fe60Pt40 films only formed BCC Fe 
phase at an annealing temperature of 550 oC, the hysteresis and XRD patterns both 
showed no phase segregation when the temperature was increased.  
















Figure 3.12. Coercivity Hc as a function of the annealing temperature Ta for annealed FePt 
nanoparticles. The annealing time is fixed to be half an hour. 
 
Figure 3.12 shows the relationship of the coercivities (Hc) of FePt 
nanoparticles with different compositions annealed at different annealing 
temperatures (Ta). Generally, the coercivity increased with the elevation of annealing 
temperature for the FePt nanoparticles with different compositions. When annealed at 
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the temperature of 550 oC and 650 oC, the Fe56Pt44 nanoparticles had a larger 
coercivity comparing with that at a lower annealing temperature (500 oC). The 
Fe57Pt43 have a larger coercivity at higher annealing temperatures (550 oC and 650 oC), 
while the Fe60Pt40 nanoparticles had the lowest coercivity at 550 oC and 650 oC. XRD 
patterns indicated that the FePt nanoparticles with different compositions would 
completely transform from FCC to FCT phase at an annealing temperature of 550 oC. 
That means, the Fe56Pt44 would have the highest coercivity and the Fe60Pt40 would 
have the lowest coercivity when annealed at the same temperature where the phase 
transformation was completed. 
 
In summary, this chapter presented and discussed the synthesis and general 
properties of the FePt nanoparticles with different compositions. The as-synthesized 
FePt nanoparticles could self-assemble into two-dimensional or three-dimensional 
regular arrays. The magnetic properties were investigated by annealing the 
nanoparticles at different temperatures and measuring their hysteresis loops. During 
annealing, it was interesting to find that some of Fe atoms segregated from the FePt 
nanoparticles and formed BCC Fe phase at certain annealing temperatures. The 
relationship among the Fe segregation, the composition of FePt and the annealing 
temperature was then discussed. It was further found that the Fe56Pt44 had the highest 
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In the previous chapter, the structural and magnetic properties of FePt 
nanoparticles with different compositions were discussed. 4 nm FePt nanoparticles 
with different compositions were synthesized successfully and they could readily self-
assemble into two-dimensional or three-dimensional hexagonal or BCC patterns. 
These patterned arrays have potential applications in ultra-high density magnetic 
recording.  
 
Recently, multifunctional nanomaterials are becoming more and more 
important because of their optical, magnetic and catalytic properties that do not exist 
in single-phase materials.[1-10] Sun and his group members[9] synthesized core@shell 
structure with a FePt core and a Fe3O4 shell. Through annealing, the Fe3O4 converted 
to Fe under reductive environment and the whole core@shell structure converted to 
FePt-Fe3Pt nanocomposites. By tuning the size and composition of the FePt and 
Fe3O4 independently, they obtained an optimum exchange coupling and optimum 
energy product. They successfully produced exchange-coupled isotropic FePt-Fe3Pt 
nanocomposites with an energy product of 20.1 MG Oe, which exceeds the theoretical 
limit of 13 MG Oe for non-exchange-coupled isotropic FePt by over 50%. Many 
groups are trying to combine magnetic nanoparticles with other functional 
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nanoparticle to obtain multifunctional nanocomposites.[3, 11-16] Gu and co-workers[3] 
fabricated FePt and CdSe heterodimers with unique properties. O’Brien reported the 
self-assembled three-dimensional supperlattice of PbSe semiconductor quantum dots 
and Fe2O3 magnetic nanocrystals. They obtained binary nanocrystal supperlattice that 
consists of two sets of nanocrystals, each with size-tunable properties and each with 
the potential to interact/couple with neighboring particles less than 2 nm away.[12] 
Yang and co-workers[14] reported a method to obtain magnetic nanocomposites and 
alloys from platinum – iron oxide core@shell nanoparticle precursors. They obtained 
FePt alloys and alloy-containing nanocomposites through a solid-state reaction at > 
400 oC from Pt@Fe2O3 core@shell structure. Some groups successfully fabricated 
magnetic–polymer bifunctional nanospheres and discussed their applications in 
biological fields.[15, 16] Gan’shina[12] successfully obtained FePt-SiO2 nanocomposites 
and discussed its magneto–optical properties. Nanoparticle composites compose of 
different nanocrystals with controlled interaction in an assembly and offer a way to 
fine tune the material response to magnetic, electrical, optical and mechanical stimuli. 
By forming nanoparticle composites, the application of nanoparticles can be 
broadened. 
 
In this chapter, I will present the preparation and studies of FePt-ZnO 
nanocomposites. The composites are found to possess multifunctional features with 
the combination of magnetic and semiconducting properties. Moreover, it is 
expected that the as-prepared nanocomposites have the potential of being used for a 
new generation of recording, optical and biomedical devices. In our approach, ZnO 
was chosen as the semiconductor phase since ZnO is one of the most studied oxides 
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with a direct wide band gap (3.37 eV) and a large exciton binding energy (60 meV). 
It has been used for solar cells,[17, 18] nanolasers[19, 20] and optoelectronic devices, 
including light-emitting diodes (LEDs) and laser diodes (LDs).[21] It is worth to 
fabricate FePt-ZnO nanocomposites and study their properties, as FePt is a 
magnetic material and ZnO is a transparent semiconductor material.  
 
In the following sections, I will firstly propose and present a simple procedure 
for the preparation of ZnO nanocrystals with a narrow size distribution and good 
optical properties in non-aqueous colloidal media; secondly, I will describe the way in 
preparing FePt-ZnO composites with different molar ratios based on the above 
mentioned method; furthermore, the results in the magnetic and optical properties of 
these nanocomposites will be presented and discussed.  
 
4.2 Synthesis and Characterization of ZnO Nanoparticles 
4.2.1 Synthesis of ZnO Nanoparticles 
 
In the past few years, many approaches for the fabrication of ZnO 
nanostructures have been explored.[22-25] The traditional chemical methods for 
preparing metal oxides consist of solubilizing inorganic or organometallic salts of 
metals in an aqueous or nonaqueous solvent followed by hydrolysis using strong 
hydrolyzing agents such as NaOH. In most cases, the precipitated hydroxides should 
be heat-treated or chemically dehydroxylated in order to remove the hydroxylated 
surface. Owing to the significant effects of the chemisorbed and physisorbed water on 
the properties of nanoscale oxides, there would be potential scientific as well 
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technological values in the development of synthetic strategies that create oxides in 
nonhydrolytic solvents.  
 
In our work, we present a novel and simple procedure for preparing ZnO 
nanocrystals with a narrow size distribution and good optical properties in non-
aqueous colloidal media. The as-synthesized ZnO nanoparticles have an average size 
of 6 nm and can be readily self-assembled into three-dimensional structures. The ZnO 
nanoparticles show strong evidence of quantum confinement when compared to the 
properties of bulk crystalline ZnO.  
 
The synthesis of ZnO nanoparticles was performed using standard airless 
techniques. A typical procedure is described in the following. 55 mg of Zn(Ac)2 and 
0.16 mL of oleic acid were added into 6 mL of octyl ether and the mixture was heated 
to 100 °C to form a clear solution. The solution was degassed under vacuum for 30 
minutes and purged with N2 for three times. The solution was then heated to 260 °C, 
and 0.1 mL of octylamine was injected swiftly into the hot solution. The solution was 
maintained at this temperature under N2 flow. After 30 minutes, the solution became a 
little cloudy. The heat source was removed and the solution was cooled to room 
temperature. The paticles were separated and purified using a centrifuge by adding 
hexane and ethanol alternatively. The final products were redispersed in hexane 
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Figure 4.1. TEM images of self-assembled ZnO nanoparticles (a and b) and (c) Selected area 
electron diffraction pattern of ZnO nanoparticles, hexagonal ZnO (100), (101), (102) and (110) 
rings are indicated. 
 
The morphology of the ZnO nanoparticles was checked by transmission 
electron microscopy (TEM). Figure 4.1 shows the TEM images of ZnO nanoparticles. 
The as-synthesized ZnO nanoparticles had an average size of 6 nm with a narrow size 
distribution and could assemble into flower-like patterns as seen in Figure 4.1. The 
particles were monodisperse in size and the arms of the flowers were formed by 
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Figure 4.1c is a typical selected area electron diffraction (SAED) pattern of the 
as-synthesized ZnO nanoparticles. The ring pattern in SAED indicated the 
polycrystalline nature of the generated ZnO nanoparticles. The rings in the SAED 
pattern could be indexed as hexagonal (100), (101), (102) and (110) ZnO planes. 
 


























Figure 4.2. An XRD pattern for as-synthesized ZnO nanoparticles. 
 
       










Figure 4.3. UV-Vis absorption (solid line) and Photoluminescence (dash line) spectra of ZnO 
nanoparticles at room temperature. 
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Figure 4.2 shows a typical XRD diffraction pattern for as-synthesized ZnO 
nanocrystals. The broad diffraction peaks are characteristic of nanosized nanoparticles. 
All of the peaks could be indexed as bulk hexagonal phase of the ZnO oxide. The 
lattice parameters of a = b = 3.25Å and c = 5.21 Å determined from the spectra 
matched well with the Bragg reflections of the standard wurtzite structure (P63mc, a = 
3.25 Å, c = 5.21 Å, JCPDF # 36-1451). 
The optical properties of as-prepared ZnO nanoparticles are shown in Figure 
4.3. The onset of absorption is around 360 nm, which is blue-shifted compared to that 
of bulk ZnO (373 nm),[26] indicating the quantum confinement effect. The sharp and 
well-resolved peak shows the narrow size distribution of the obtained nanoparticles. 
The room temperature photoluminescence spectrum of ZnO was recorded using a 300 
nm excitation source. Only one sharp and strong emission peak at 376 nm appeared 
with a full width at half maximum (FWHM) of about 20 nm, which could be 
attributed to a free-exciton recombination at the near-band.[27, 28] The emission 
wavelength is also blue-shifted in comparison to that of bulk ZnO at room 
temperature (about 383nm)[29] caused by size-dependant effect, which is consistent 
with the results of UV-vis absorption measurements. No defect luminescence was 
detected in this case, indicating the good quality of these nanoparticles. In this work, 
organic solvent was used as the reaction media, in contrast to water used in other 
reported methods. [22, 25] Compared with the particles formed in water media, particles 
formed in organic solvent environment had fewer defects due to less side reactions 
and impurity such as hydrated metal ions, hydroxide ions. In addition, the 
nanoparticles have been formed in organic solvent at a relatively high temperature of 
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260 oC and thus making the ZnO nanoparticles more uniform in size and with fewer 
intrinsic defects.   
 
4.3 Synthesis and Characterization of FePt-ZnO Nanoparticle 
Composites 
4.3.1 Experimental Section 
 
Typical synthesis method for FePt-ZnO (the initial molar ratio of FePt and 
Zn(Ac)2 is 1:1, henceforth known as 1:1 FePt-ZnO nanoparticle composite) 
nanocomposites was described as follow: Fe56Pt44 nanoparticles were synthesized by 
using the method described in chapter 3. Without separation or purification, the 
obtained solution was allowed to cool to 180 oC. The Zn(Ac)2 dioctyle ether 
dispersion was injected into the reaction flask at this temperature. The mixture was 
heated to 220 oC and kept at this temperature for 45 minutes. The heat source was 
removed and the solution was allowed to cool to room temperature. 40 mL of ethanol 
was added to the mixture for centrifugalization. The yellow-brown supernatant was 
then discarded. The black precipitate was dispersed in hexane (25 mL) in the presence 
of oleic acid (0.05 mL) and oleyl amine (0.05 mL) and precipitated out by adding 
ethanol (20 mL) and centrifuging. The black precipitate was dispersed in hexane (20 
mL) and centrifuged to remove precipitate (almost no precipitate). 15 mL ethanol was 
added to precipitate the product. The black precipitate obtained was redispersed in 
hexane and stored in a glove box. 
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The Zn(Ac)2 dioctyl ether dispersion was obtained as follow: Zn(Ac)2 (92 mg, 
0.5 mmol) was dispersed in 0.5 mL dioctyl ether with the presence of oleyl amine 
(0.72 mL, 1.5 mmol) and oleic acid (0.16 mL, 0.5 mmol), the mixture was heated to 
obtain a clear solution. 
 
Different FePt-ZnO nanocomposites have been prepared by changing the 
molar ratio of FePt and Zn(Ac)2. Another nanoparticle composite with different 
composition was prepared by changing the initial molar ratio of FePt and Zn(Ac)2 to 
1:4 (henceforth known as 1:4 FePt-ZnO nanoparticle composite). 
 
4.3.2 Characterization of FePt-ZnO Nanoparticle Composites 
4.3.2.1 Structural Properties 
 
 
Figure 4.4. TEM image of as-synthesized FePt nanoparticles. 
 
25 nm     
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 Figure 4.4 shows the TEM image of the as-synthesized FePt nanoparticles 
used in the synthesis process of FePt-ZnO nanoparticle composites. The as-
synthesized FePt nanoparticles were monodisperse and had an average size of 3.5 nm. 
FePt-ZnO nanoparticle composites were formed after the reaction of these FePt 
nanoparticles with Zn(Ac)2. 
 
Figure 4.5. (a) Low-resolution TEM image and  (b) High-resolution TEM image of the as-
synthesized 1:1 FePt-ZnO nanoparticle composite and (c) selected area electron diffraction for 
the 1:1 FePt-ZnO nanoparticle composite.  
 
In the previous section, we already confirmed that Zn(Ac)2 can react with 
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4.5a and b) showed that this method could also be applied to fabricate FePt-ZnO 
nanoparticles composites. The FePt-ZnO (1:1) nanoparticle composite had a size of 
about 3.5 nm for FePt nanoparticles (the darker particles in HRTEM images) and 
around 10 nm for ZnO nanoparticles (the lighter particles in HRTEM images) as 
shown in Figure 4.5a and b. Figure 4.5b shows clearly the lattice fringes of both ZnO 
and FePt nanoparticles. There are two typical lattice fringes for ZnO nanoparticles 
marked as 1 and 2 in Figure 4.5b. For particle 1, the lattice spacing is 2.81 Å, 
corresponding to the ZnO (100) planes. For particle 2, the lattice fringe spacing is 
2.47 Å, corresponding to the (101) lattice planes for the ZnO phase. In each ZnO 
nanoparticle, there could be several FePt nanoparticles.  
 
Figure 4.5c shows a typical SEAD pattern for the FePt-ZnO nanoparticle 
composite. In the SEAD pattern, the d-spacing for each ring could be calculated 
according to equation 4.1.  
 
Rd = λL         [4.1] 
R is the radius of the SEAD pattern ring; 
d is the lattice spacing 
λ is the electron wavelength 
L is the camera length 
λL is the camera constant 
 The camera constant for the SEAD was 3.335×10-9 m2.  
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Table 4.1. A comparison of the lattice spacing d between the values calculated from the SEAD 
pattern and the standard values. R is the measured radius of the SEAD pattern ring.  
 
 R (mm) Calculated d (Å) Standard  
d (Å)/phase (plane)
Ring 1 118+3 2.827+0.073 2.8143/ZnO (100)  
Ring 2 134+3 2.490+0.057 2.4759/ZnO (101)  
Ring 3 149+3 2.239+0.046 2.2369/FePt (111) 
Ring 4 174+3 
 
1.917+0.034 1.9111/ZnO (102)  
1.9366/FePt (200) 
Ring 5 204+3 1.635+0.024 1.6260/ZnO (110) 
Ring 6 225+3 1.482+0.020 1.4783/ZnO (103) 
 
 
Table 4.1 shows the lattice spacing values calculated from the SEAD pattern 
and the standard values. The rings reflected a mixture of the ZnO phase and FePt 
phase. The first ring had a calculated d-spacing of 2.827+0.073 Å, which was very 
close to the ZnO (100) planes whose d-spacing was 2.8143 Å. While the second ring 
had a calculated d-spacing of 2.490+0.057 Å, which could be identified as the ZnO 
(101) plane whose standard d-spacing was 2.4759 Å. The third and forth ring had a 
calculated d-spacing of 2.239+0.046 Å and 1.917+0.034 Å respectively. These two 
rings were attributed by the FePt (111) planes (d-spacing: 2.2369 Å) and (200) planes 
(d-spacing: 1.9366 Å) and ZnO (102) planes (d-spacing: 1.9111 Å). The fifth and 
sixth rings marked in the Figure 4.5c had calculated d-spacings of 1.635+0.024 Å and 
1.482+0.020 Å, respectively, which could be the spacings of ZnO (110) planes (d-
spacing 1.6260 Å) and ZnO (103) planes (d-spacing 1.4783 Å), respectively. 
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Figure 4.6. (a)Low-resolution TEM image and (b) High-resolution TEM image for the 1:4 FePt-
ZnO nanoparticle composite.  
 
Figure 4.6 shows the TEM images of the 1:4 FePt-ZnO nanoparticle 
composite. The image revealed that there were two kinds of particles in the sample. 
The smaller particles were confirmed as FePt nanoparticles with a size of about 3.5 
nm. The bigger particles were ZnO nanoparticles with a size of around 15 nm. Figure 
4.6b shows clearly the lattice fringes of the lighter particles with adjacent fringe 
spacing of 2.81 Å, corresponding to the (100) lattice planes for ZnO phase. Similarly, 
the lattice spacing of the smaller particles was 2.23 Å, corresponding to the FCC FePt 
(111) planes (indicated in Figure 4.6b). With increasing the molar ratio of the Zn(Ac)2, 
ZnO nanoparticles grown bigger: 15 nm in the 1:4 composite, in contrast to 10 nm in 
the 1:1 composites.  
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Figure 4.7. XRD pattern for the 1:1 FePt-ZnO nanoparticle composite (before annealing). 
 
To further confirm the structure and composition of the sample, X-ray 
diffraction (XRD) measurement was performed. Figure 4.7 shows a typical XRD 
pattern for the 1:1 FePt-ZnO nanoparticle composite. The XRD pattern contained two 
sets of peaks, one of the sets matched well with the FCC FePt while the other set 
matched well with the hexagonal ZnO according to the standard XRD patterns of ZnO 
and FePt. The ZnO (100) and (101) peaks had a little shift to a lower angle. From the 
HRTEM image shown in Figure 4.5b, it could be seen that some FePt nanoparticles 
were encapsulated in the ZnO particles. The shift of the ZnO peaks may be an 
indication of the strain caused by the ZnO encapsulation of FePt. Combining the TEM 
(Figure 4.5) and XRD (Figure 4.7) results, it could be confirmed that the sample 
consisted of a mixture of FePt nanoparticles and ZnO nanoparticles, which we called 
FePt-ZnO nanoparticle composite.  
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Figure 4.8. XRD patterns for the 1:1 FePt-ZnO nanoparticle composites annealed at different 
temperatures for half an hour: (A) 500 oC (B) 550 oC (C) 580 oC (D) 650 oC.    
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Figure 4.9. XRD patterns for the 1:4 FePt-ZnO nanoparticle composite annealed at different 
temperatures for half an hour: (A) 500 oC (B) 550 oC (C) 580 oC (D) 650 oC.  
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Figure 4.8 and Figure 4.9 show the XRD patterns for the 1:1 and 1:4 FePt- 
ZnO nanoparticle composites annealed at different temperatures, respectively. For 
both composites, the peaks became sharper with an increase of the annealing 
temperature. The evolution of (111), (002) and (220) peaks showed the formation of 
ordered FCT FePt phase. For samples annealed at 500 oC, the positions of XRD peaks 
were close to that of FCC FePt phase, indicating that the phase transformation of 
chemically disordered FCC phase to chemically ordered FCT phase had started. At 2θ 
= 32.05° and 2θ = 35.44°, there are two peaks which do not belong to FCC FePt phase 
or FCT FePt phase. The two peaks could be indexed as ZnO peaks when compared 
with the ZnO standard XRD pattern. The peaks at 2θ = 32.05° and 35.44° could be the 
ZnO (100) and (101) peaks (the standard peak position are 31.51° and 36.10°, 
respectively). The ZnO peaks still had some shift, similar to the case of the as-
synthesized samples. For the 1:1 FePt-ZnO nanoparticle composites annealed at 550 
oC and above,  the FCT FePt phase was formed, which could further be verified by the 
hysteresis loops (Figure 4.11a and Figure 4.12b). The sharper XRD peaks at a higher 
annealing temperature also revealed the growth of the nanoparticles. However, for the 
1:4 FePt-ZnO nanoparticle composites, the phase transformation process was much 
slower than that of the 1:1 composites. As seen from Figure 4.9, the 1:4 samples were 
mainly FCC FePt phase even annealed at 650 oC, only a small peak of FCT FePt (201) 
indicated the formation of FCT FePt phase. With an increase of the annealing 
temperature from 500 oC to 650 oC, there was almost no change in the XRD peaks 
position for the 1:4 composites, while the decreased peaks broadness indicating the 
growth of the particles. When the annealing temperature reached 600 oC, the FCT 
FePt (002) and (200) peaks were still not obvious for the 1:4 composites. For samples 
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annealed at temperatures higher than 500 oC, no ZnO peaks were found for both 
composites, which may be caused by the thinner ZnO shells after the 
diffusion/redistribution of ZnO in the samples. With increasing the annealing 
temperature, the intensity of the FCT FePt peaks became stronger while the intensity 
of the ZnO peaks remained undetectable.  
At the same annealing temperature, the width of the XRD peaks of the 1:4 
FePt-ZnO nanoparticle composites was broader than those of the 1:1 composites. 
This revealed that the grain size in the 1:4 composites was smaller than the 1:1 
composites when annealed at the same temperature. With the increase of molar ratio 
of Zn(Ac)2, the volume percentage of ZnO nanoparticles increased in the composites. 
These ZnO nanoparticles effectively separated the FePt nanoparticles, thus these 
ZnO nanoparticles could prevent the FePt nanoparticles from aggregation at high 
annealing temperatures to some extent. Furthermore, The XRD results suggested that 
ZnO nanoparticles could hinder the phase transformation progress of FePt to some 
extent. The phase transformation of FePt for the 1:1 composites was easier that that 
for the 1:4 composites according to the XRD patters displayed in Figure 4.8 and 
Figure 4.9. It can also be noticed that the phase transformation of the 1:1 composites 
was much slower than the pure FePt nanoparticles according to the XRD data listed 
in chapter 3.  
 
4.3.2.2 Optical and Magnetic Properties 
 
We already confirmed at the previous section that the as-synthesized samples 
were consisted of FePt and ZnO nanoparticles. The optical properties of the 
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nanoparticle composites were checked by measuring the UV-Vis spectra and PL 
spectra.  































Figure 4.10. (a) UV-Vis absorption and (b) Photoluminescence spectra of the as-synthesized 1:1 
and 1:4 FePt-ZnO nanoparticle composites. 
 
The optical properties of the as-synthesized FePt-ZnO nanoparticle composites 
were shown in Figure 4.10. The UV-Vis and PL spectra were measured at room 
temperature. Both 1:1 and 1:4 FePt-ZnO nanoparticle composites had a UV onset 
absorption at around 450 nm and PL peak at around 366 nm, which were contributed 
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by the pure ZnO nanoparticles. For the PL spectra, the peak position for the 1:4 
composite shift a bit to a higher wavelength (from 365 nm to 366 nm), which also 
indicated the bigger ZnO nanoparticle size. The UV and PL spectra indicated that the 
ZnO nanoparticles were successfully synthesized under the above conditions. The 
ZnO nanoparticles may exist in the composites in two ways: forming core@shell 
structure with FePt nanoparticles or forming nanoparticle composites with FePt 
nanoparticles. Combined with TEM results, it can be confirmed that the ZnO 
nanoparticles and the FePt nanoparticles co-exist as nanoparticle composites. 
 
Furthermore, we annealed the 1:1 and 1:4 FePt-ZnO nanoparticle composites 
at different temperatures and checked their magnetic properties by using VSM or 
SQUID. A layer of nanoparticle hexane dispersion was placed onto a silicon substrate 
and the solution was allowed to evaporate at room temperature. These samples were 
annealed at different temperatures for 30 minutes using a fast thermal process oven 
with a vacuum better than 10-6 torr. The annealing was performed under four 
temperatures: 500 oC, 550 oC, 580 oC and 650 oC. The magnetic measurements were 
conducted using VSM or SQUID.  
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Figure 4.11. Hysteresis loops for the 1:1 FePt-ZnO nanoparticle composite samples annealed at 
different temperatures: (a) 500 oC; (b) 550 oC; (c) 580 oC; (d) 650 oC. 
 
The magnetic behaviors of the FePt-ZnO nanoparticle composites changed 
significantly with the initial molar ratio of the FePt and Zn(Ac)2. For the 1:1 FePt-
ZnO nanoparticle composite, hysteresis loops show single-phase-like with very large 
Hc. The coercivity was 984 Oe when the film was annealed at 500 oC, while the 
coercivity increased to 7134 Oe for the film annealed at 550 oC. Further increasing the 
annealing temperature to 580 oC and 650 oC, the coercivity increased to 7702 Oe and 
10205 Oe, respectively (Figure 4.12A-D). For the 1:4 FePt-ZnO nanoparticle 
composite, the hysteresis loops show two-phase-like at a low magnetic field (Figure 
4.13A-D). Furthermore, the 1:4 FePt-ZnO nanoparticle composite had much lower 
coercivity than those of the 1:1 FePt-ZnO nanoparticle composite when annealed at 
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the same temperature. For the 1:4 FePt-ZnO nanoparticle composite, the coercivity 
was 325 Oe, 394 Oe, 660 Oe and 955 Oe when the annealing temperature was 500 oC, 
550 oC, 580 oC and 650 oC, respectively 
 











































































Figure 4.12. Hysteresis loops for the 1:4 FePt-ZnO nanoparticle composite samples annealed at 
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Figure 4.13. Coercivity Hc as a function of the annealing temperature Ta for 1:1 and 1:4 FePt-
ZnO nanoparticle composites. The annealing time was fixed to be half an hour. 
 
Figure 4.13 shows the coercivity Hc as a function of the annealing temperature 
Ta at a fixed annealing time of half an hour for the 1:1 and 1:4 FePt-ZnO nanoparticle 
composites. Hc increased for both composites with an increase in Ta. For the 1:1 FePt-
ZnO nanoparticle composite, Hc first increased rapidly when Ta increased from 500 
oC to 550 oC, and then increased slowly with a further increase in Ta. A maximum 
value of Hc ∼ 10 KOe was obtained at Ta = 650 oC. For the 1:4 FePt-ZnO nanoparticle 
composite, Hc increased much more slowly as Ta increased from 600 oC to 650 oC. As 
observed from the XRD patterns, the phase transformation process of 1:1 FePt-ZnO 
nanoparticle composite was much faster than that of the 1:4 FePt-ZnO nanoparticle 
composite. For the 1:1 FePt-ZnO nanoparticle composite, the phase transformation 
was almost completed when annealed at 600 oC, while for the 1:4 FePt-ZnO 
nanoparticle composite only partial phase transformation occurred even annealed at 
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650 oC and most of FePt were FCC phase according to the XRD patterns shown in 
Figure 4.9. Therefore, Hc of 1:1 FePt-ZnO nanoparticle composites was much higher 
than the Hc of 1:4 nanoparticle composite when annealed at the same temperature. 




In this chapter, the ZnO nanoparticles with uniform size of 6 nm and good 
photoluminescence property were synthesized successfully. FePt-ZnO nanoparticle 
composites with different compositions were then prepared by changing the molar 
ratio of the initial FePt nanoparticle and Zn(Ac)2. Two kinds of FePt-ZnO (1:1 and 1:4) 
nanoparticle composites were obtained and their morphology, structural and magnetic 
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Chapter 5 Conclusions and Future Work 
 
5.1  Conclusions   
This thesis presented the work on the study of the synthesis and 
characterizations of FePt nanoparticles and FePt-ZnO nanoparticle composites.  
 
  5 nm monodispered FePt nanoparticles were successfully synthesized with 
different compositions. Their structures were investigated by using transmission 
electron microscopy (TEM) and X-ray diffraction (XRD). The as-synthesized FePt 
nanoparticles were found of face-centered-cubic (FCC) structure. After annealing, the 
FePt nanoparticles changed to face-centered-tetragonal (FCT) structure. The magnetic 
properties of these FePt nanoparticles were checked by vibrating sample 
magnetometer (VSM) and superconducting quantum interference device (SQUID). 
The as-synthesized FePt nanoparticles showed superparamagnetic property, while the 
FCT FePt nanoparticles showed hard magnetic property. The hysteresis loops for 
annealed FePt samples showed two-phase-like shape (the soft magnetic phase and 
hard magnetic phase) at annealing temperatures of 500 oC, 550 oC and 650 oC. XRD 
results confirmed that the soft magnetic phase was FCC FePt phase when the 
annealing temperature was lower than 500 oC, or body-center-cubic (BCC) Fe phase 
when annealing temperature was higher than 500 oC. This also confirmed that some 
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Fe atoms could be segregated from the FePt phase to form BCC Fe phase at certain 
annealing temperatures.  
   
Furthermore, FePt-ZnO nanocomposites were fabricated by growing ZnO 
nanoparticles in the presence of as-prepared FePt nanoparticles. Two nanocomposites 
were synthesized by varying the initial molar ratio of the FePt and Zn(Ac)2. When the 
initial molar ratio of the FePt to Zn(Ac)2 was 1:1, the ZnO nanoparticles had a size of 
10 nm. While the ZnO had a size of 15 nm when the initial molar ratio of the FePt to 
Zn(Ac)2 was 1:4. Both types of nanoparticle composites showed similar optical 
properties with that of the pure ZnO nanoparticles. After annealing in the range of 
550-650 oC, the 1:1 FePt-ZnO nanoparticle composites became magnetically hard, 
while the 1:4 FePt-ZnO nanoparticle composites kept magnetically soft. Such a 
difference could be related to the structural change. The FePt-ZnO nanoparticle 
composites with a combination of magnetic and semiconducting properties are 
multifunctional and has the potential to be used for a new generation of magnetic 
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5.2  Suggestions for Future Work 
   
Although the monodispersed FePt nanoparticles and FePt-ZnO nanoparticle 
composites were successfully synthesized in this work, there are still a lot of 
challenges in this field. The further work could mainly focus on the following areas:  
 
(1) Improvement of the long range positional order and magnetic orientation 
of the nanoparticle assembly for future ultrahigh density magnetic media 
applications.  
 
(2) Optimization of the synthesis process so that the interaction between two 
kinds of nanoparticle in the composites can be controlled. As such, one can 
optically control the magnetic properties and /or magnetically control the optical 
properties of the composites. 
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